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In this work, we address the question of number
fluctuations of rarely produced particles. We carried
out the analysis by solving the master equation,
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derived in an earlier paper. The most important
aspect of the master equation is that we can treat the
conservation laws that govern the rare particles ex-
actly. For instance, the strangeness conservations for
kaon prodction at the SIS energy can be treated in
this way. In previous papers, some of us explored
the consequence of requiring the exact conservation
on the behavior of the average multiplicity in equi-
librium as well as in evolving systems. In this work,
we investigated the time evolution of the second fac-
torial moment F2

�� N � N � 1 
����  N � 2 to explore the
possiblity of using it as a non-equilibrium measure.

To cover a wide range of physical phenomena,
we studied two extreme cases. (i) The initial pop-
ulation of the rare particle is much larger than the
equilibrium population. (ii) The initial population
is much smaller. Our main conclusion is that the
measurement of F2 can certainly tell us if the equi-
librium has not been reached. Moreover, the ap-
proach of the second factorial moment towards the
equilibrium depends very much on the initial con-
dition. Assuming that the equilibrium population ε
is very small, we see that the smaller initial popula-
tion results in the approach from above the equilib-
rium value � Feq

2
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�
 and the larger initial

population results in the approach from below with
a long period of very small F2. Hence, the exper-
imental value of F2 can immediately tell us if the
initial population was smaller (Fexp

2 � 0 � 5), larger
(Fexp

2 � 0 � 5, possibly Fexp
2 � 0 � 5) or the system has

already reached the equilibrium before the freeze-out
(Fexp

2 � 0 � 5).
The time history of F2 holds much more infor-

mation about the system itself. In any experiment,
however, we observe only the spectrum at the freeze-
out. Still, we can get more information if we corre-
late factorial moment measurements. For instance,
if we correlate the second factorial moment and the
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Figure 1: Time evolution of the factorial moment F2

for several initial particle numbers N0 (thick lines).
The thin lines show the result of the approximate for-
mula . Here ε � 1 has been used.

average (the first factorial moment), then we can say
something about the freeze-out time scale by solving
a coupled equations.

�
Nucl. Phys. A697,546 (2002).


